This paper evaluates the effects of comprehensive adult education on wage earnings of the long-term unemployed, an essentially unexplored issue. We use register data pertaining to a large sample of long-term unemployed persons in Sweden who either enrolled in the comprehensive adult education program, participated in labour market training, or remained in open unemployment. We find that individuals with more than one semester at upper secondary level of the comprehensive adult education program experienced an increase in annual wage earnings compared with those who remained in open unemployment. For those studying at the compulsory level we find no significant effects. The estimated effects were overall negative in relation to vocational labour market training.
Introduction
Adult education has become an increasingly important policy tool in most OECD countries. Changing skill requirements, rising unemployment and the potential growth effects of human capital investment are major factors behind this development. Despite the explicitly declared economic goals of policy makers, and despite the substantial resources devoted to adult education (or 'lifelong learning') over many years, very little is known about its economic effects. In this study, we use a sample of long-term unemployed to evaluate the effects on gross wage earnings of comprehensive adult education as compared with vocational training or continued open unemployment.
There is a substantial literature dealing with the effects of education on income; but the proportion devoted to the education of adults is a tiny fraction and only a few of these focus on the unemployed. To our knowledge, there is no previous study measuring the effects on income of comprehensive education of the long-term unemployed. This is somewhat surprising, since studies in this field should be highly relevant to policy makers. Rising unemployment has in most countries been accompanied by an increased share of the long-term unemployed as well as increasing amounts being spent within the framework of regular labour market policy. Presumably, one would expect decreasing marginal returns on additional spending and therefore, a growing interest in alternative measures. Formal comprehensive education targeted to the unemployed is a straightforward measure that can easily be implemented in many countries. If successful, it may serve the triple purpose of reducing social welfare costs, increasing production in the economy and reducing income inequalities.
Our empirical analysis is based on Swedish data from a period of massive expansion of heavily subsidized adult education. In 1997, the Swedish government launched the Adult Education Initiative (AEI), a program in effect up to 2002 that offered primarily the unemployed a year of full time comprehensive education at compulsory or upper secondary level, with financial support corresponding to their respective unemployment insurance (UI) benefits. The AEI emerged largely as a response to high unemployment rates during the economic recession of the 1990's. Between 1990 and 1993, real GDP per capita decreased by 6.4 % and the fraction of those openly unemployed rose from 1.7 to 8.2 % of the total labour force (see Figure 1 ). In the Swedish context, this was the highest recorded unemployment rate since the depression of the 1930's. In 1997, open unemployment still remained high despite historically high numbers of participants in active labour market programs during the first half of the 1990's. This gave rise to increasing concern regarding the marginal returns on traditional labour market measures. As in many other European countries, there was a high rate of unemployment among those with a relatively low level of education and also a growing number of the long-term unemployed. In Sweden, the relative labour market position of these groups had also been influenced by school reforms at the beginning of the 1990's, whereby the two-year upper secondary programs were extended to three years to conform with university entrance requirements.
The circumstances provided persuasive arguments in favour of additional public expenditure on adult education. A year of studies within the AEI not only offered an alternative to traditional labour market programs, but was also a way of bridging the educational gap of the groups with only two-year upper secondary school from the previous system of education. Official documents described the subsidized education as a means to achieving a host of targets, including income redistribution, encouragement of further studies, enhancement of economic growth and the reduction of unemployment.
Between the autumn semester of 1997 and the spring semester of 1999, persons in the AEI represented 1.2 -1.5 % of the total labour force. The numbers exceeded those in Labour Market Training (LMT), which until 1997 was the largest labour market program in Sweden. The AEI was targeted towards very much the same groups as LMT. In both programs, the training grant equalled the UI. The policy declarations of both programs made it a priority to support individuals with a weak position in the labour market. Completing a course in either program lasting more than six months also qualified for a new period of 300 days with unemployment benefits.
LMT consisted of two groups, those in vocational training and those in preparatory training. The vocational courses were directed towards the acquisition of skills that were expected to be in short supply on the labour market. The preparatory training was intended to prepare the indi-vidual for further training, i.e. the immediate aim not being to achieve a rapid transition to work.
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Economic evaluations of comprehensive adult education represent a surprisingly small literature. 2 A UK study by Jenkins et al. (2003) finds, with minor exceptions, no evidence of positive effects of mid-career education on wages or employment. Other studies based on UK data focus on higher education and "mature graduates" who for the most part are still under 30 when completing their studies. A general finding is that mature graduates receive smaller wage gains from a degree in comparison with younger graduates (e.g. Egerton & Parry, 2001 , Steel & Sausman, 1997 . Studies from the US include Leigh and Gill (1997) who analyze the effects of community college on log wages for "adults", aged mainly 25 to 35. They find positive effects on earnings and that the returns do not decline for older students (see Grubb (2002) for an extensive survey of evaluations in the US). Employing Swedish data, Ekström (2003) analyzes adult education at upper secondary level and reports effects on income that are negative for men born in Sweden but positive for immigrants. Concerning higher education, Öckert (2001) finds older persons to have more difficulties with completing their studies but better returns once they do so.
The few economic studies that examine comprehensive adult education of the unemployed also show mixed results. Jacobson et al. (2004) use a sample of laid-off workers in Washington State to study the effects of attending a community college. The workers were of prime age and took a broad variety of courses, ranging from basic skills to vocational training to academic courses in mathematics and science. In summary, they report increases in earnings in the neighbourhood of 10 %, slightly 1 Evaluations of the impact of LMT based on participant data in 1989 or later generally report insignificant or detrimental effects, see e.g. Harkman et al. (1996 ), Harkman (1997 , Regnér (1997) , Larsson (2000) , Sianesi (2001) , and Richardson & van den Bergh (2002) . It is possible that these results are influenced by the economic recession discussed above. Okeke (2001) , using data of LMT participants 1998-99, finds positive effects on the probability of being employed six months after program completion. 2 There are a large number of studies dealing with on-the-job training. However, in most cases they address shorter training periods and largely vocational or industry-specific training.
lower for males and slightly higher for females. The returns are up to three times larger for technically oriented courses. Stenberg (2003) uses a sample of unemployed persons in Sweden and finds the effects on annual wage earnings weaker for those in comprehensive adult education than for participants in vocational LMT.
3
In this study, we concentrate on the effects of the AEI on wage earnings of the long-term unemployed, comparing the AEI with the alternative of "no program" as well as with participating in LMT. Sweden is an appropriate locus for this investigation since the broad scope of labour market policies and the excellent data allow us to study a very large sample of the long-term unemployed. We are not aware of any previous such studies involving adult comprehensive education.
Participants in labour market programs often have lower incomes in the year before enrolment. As this study focuses on the long-term unemployed it involves participants and non-participants with reasonably similar wage trajectories prior to program. We have access to annual wage earnings four years prior to program participation. This enables us to consider systematic group-wise income differentials that remain unexplained by either observable individual attributes or regional affiliation. Of course, conditioning on unemployment and/or previous wage earnings histories is not necessarily sufficient to eliminate the problem of selection bias. Our approach here is to use a form of "backcasting" introduced by Ashenfelter (1978) , which is a simple but efficient tool to check for the presence of selection bias due to time-invariant differences in ability and/or motivation.
From a theoretical standpoint, there are no obvious reasons to expect differences in wage earnings gain from comprehensive education vis-à-vis vocational training. The hypothetical effect on annual wage earnings is due to their impact on the probability of employment and on the wage level, which may both stem from either pure screening effects or actually increased productivity. Regarding the effect on productivity, both programs may lead to increased skills and improvement of the job matching process by providing productive skills in demand. Moreover, there are no or dispensable private costs for education in this case. Differences in private costs would otherwise imply differences in posteducation earnings. Therefore, the relative economic outcomes of these two educations are strictly empirical issues.
The potential effect of education on income as compared with the alternative of remaining in open unemployment should be positive or at least non-negative. However, the signalling or productivity effects of education on income may, at least partially, be matched by a positive effect of a higher intensity of job searching among the openly unemployed. This could lead to a higher probability of employment and longer tenure at the time of ex-post observation. Taken together, the answer lies with the data.
The plan of the paper in the following is to describe the data (Section 2), to present the estimation results (Section 3) and to present a brief concluding discussion (Section 4).
Data
This study is based on data from various official registers administered by Statistics Sweden and records from the Swedish National Labour Market Administration (AMS). These data originate from the total population register, the income register, the register of adult education and the event history database Händel kept by AMS. Händel covers virtually all unemployed persons in search of work, since registration at the local public employment office is mandatory in order to receive unemployment benefits. Registered job seekers are followed on a day-today basis and are classified in different categories depending on whether they are openly unemployed or participants in some labour market program, e.g. LMT. Participation in the AEI, however, is not registered in Händel. This information is collected instead from the adult education register.
The data at our disposal consists of 538,004 individuals divided into three groups 1. the stock of those openly unemployed who were registered in Händel on September 1, 1997, N = 283,560. 2. the stock of participants in LMT who were registered in Händel on October 15, 1997, N = 32,235. 3. the individuals registered in adult education at some time during the autumn semester of 1997, N = 222,209.
Those in adult education were enrolled at the municipal adult education institute komvux. 4 Participants in the AEI in the autumn of 1997 can be singled out since they were eligible to apply for the special grant for education and training (the UBS). This was a subsidy equal in size to UI benefits that was granted for the purpose of stimulating adult education. Individuals had to be 25 -55 years old, enrolled for studies at compulsory or upper secondary level and be entitled to UI when the studies were initiated. Those who were registered in adult education and received UBS are defined as participants in the AEI and consist of 55,965 observations of which more than 80 % were enrolled at upper secondary level and studied the compulsory subjects mathematics, Swedish, social science and English (Government Commission Report, SOU 1998:51). There were other theoretical subjects besides these but about a fourth of the participants also attended at least one vocational course.
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In our data we can distinguish between AEI participants at upper secondary and compulsory level, excepting a group of about 15 % where reported level of studies was missing. Apart from this, we have no individual records of the specific courses attended.
Individuals in LMT participate either in vocational training (68 %) or preparatory training. The vocational part is closely connected to labour market needs and the training sometimes, wholly or partially, takes place on site within a workplace. Preparatory training includes courses in job-seeking and/or preparations for other programs.
To be defined as long-term unemployed, we required the individuals to have been registered in Händel for 366 days in 1996 and for 365 days in 1997. As those enrolled in the AEI were deactivated from the unemployment registers, the condition for them in 1997 is "220 days or more". An alternative was to set this condition for all groups, but doing so affected the results presented in Section three only marginally. Some of the unemployed were working part time, but at this stage we excluded no one on the basis of income.
Individuals were excluded if they participated in adult education at komvux in 1996 or in the spring semester of 1997 or in other types of education in the years following 1997. Those in the AEI or in open unemployment were excluded if they had enrolled in LMT during the period 1998 -2000, while the participants in LMT and those in open unemployment were excluded if they had enrolled in the AEI in any year. Finally, we also excluded individuals younger than 25 and older than 55 years of age.
The sample now consists of 51,051 individuals. Participants in the AEI include 5,189 at upper secondary level and 585 at compulsory level. The vocational part of LMT includes 5,033 individuals and LMT preparatory training 2,065 individuals.
Program lengths vary greatly within the sample, ranging from a couple of weeks to slightly over two years. Generally, longer programs apply for the participants in the AEI as compared with participants in LMT. The distribution of program lengths is provided in The largest differences in Table 1 are between the participants in the AEI and the rest of the sample. The AEI attracted foremost women and there are fewer with relatively high or low educational levels. Note that individuals were eligible to apply for the special grant (UBS) even with a formally completed upper secondary level. The condition was in case they did not have passes in all subjects or "the required knowledge" in one or more subjects. Further, persons who were long-term unemployed or had an 'old' secondary education could also apply. 7 A more detailed account, including variable definitions, is given in the Appendix.
The trajectories of the annual wage earnings for the different subgroups are displayed in Figure 1 . In 1993, the averages between the AEI upper secondary level, vocational LMT and the group with no program differed by only SEK 100, i.e. €11 -€12 during the period of study; and up until 1997 the trajectories remained fairly similar, except for the AEI secondary which was slightly higher. After 1997, however, there were substantial increases in gross wage earnings. The most important occurred for participants in the vocational part of LMT followed by those at upper secondary level within the AEI. Participants at compulsory level in the AEI had average wage earnings in 2001 that were below the level of those who had continued in open unemployment.
Figure 2 also shows the wage earning trajectories but conditions them to be zero in 1996 and 1997. The relative levels now change slightly. Foremost, the LMT preparatory training trajectory is above that of the AEI upper secondary level. There is no indication of a relatively stronger pre-education income shock for any of these groups. 1993 1994 1995 1996 1997 1998 1999 2000 2001 Unemp AEI sec AEI comp LMT voc LMT prep
Estimations
In this section, we present ordinary least squares (OLS) estimates of regressions on annual wage earnings for the long-term unemployed, including a version where the sample restriction is zero wage earnings in 1996 and in 1997. Before we turn to the backcasting procedure, there is a brief discussion on alternative estimation techniques that explicitly take selection into account. The results are then summarized and also set in relation to the officially reported program costs.
The main methodological concern in evaluation studies based on nonexperimental data is the potential ability bias which may flaw OLS estimates. As was apparent in Table 1 , there were differences in the observable characteristics, foremost between those in the AEI and the rest of the sample. One may then suspect that there might also be differences in unobservable characteristics, such as motivation and/or some kind of individual ability. This occurs if individuals are aware of and act upon their expected returns on a program. This then attracts a positive selection, one with a higher than average expected return. An opposing mechanism is that individuals with a high probability of finding work will face higher expected costs in terms of forgone earnings and therefore have a lower probability of enrolling in a program. In the presence of such mechanisms, OLS estimates are inconsistent due to omitted variables in the econometric model. On the other hand, given that the pre-program wage trajectories were relatively similar, one would à priori expect the problem of selection bias to be limited.
Let us nevertheless first use OLS estimates as a point of departure before we address the issue of possible selection bias. Assuming that the program occurs at time t, the OLS regression specification we use can be written
where w i,t+ is post-program wage earnings and w i,t-pre-program wage earnings, α is a vector of constants, X i,t contains individual and regional variables and d i,t is a vector of program participation dummies. In this setting, to make γ a consistent estimate of the program specific effects, the crucial assumption is that w i,t-can take account of unobservables such as individual ability and/or motivation. Our explanatory variables include wage earnings in 1996, their deviation from the mean squared and a dummy indicating zero wage earnings before program. As an alternative, we ran a regression on w i,t-and used the residuals instead of the actual wage earnings as w i,t-. Moreover, given the fractions of zero wage earners, we also employed a Tobit model. However, these approaches yield results that are qualitatively similar to those presented in this section. The estimated parameters of main interest are shown in Table 2 below while the complete results are presented in Table A .3 in the Appendix. *** significant at the 1 % level. ** significant at the 5 % level. * significant at the 10 % level.
In the first two columns, the openly unemployed constitute the group of reference. The results then indicate the effects of the AEI or LMT compared with no measure taken. The last two columns show results from using those in LMT vocational training as the comparison group (the openly unemployed are in this case excluded).
The results of the first two columns indicate that the AEI at compulsory level had no significant effects compared with no training. The estimated parameters on the AEI at upper secondary level indicate positive effects. For those with only one semester of studies the coefficient is positive for men but insignificant for women. LMT preparatory and LMT vocational training also seem to have had positive effects. In the last two columns, the indication is that the effects on wage earnings of the AEI and LMT preparatory training were inferior to those achieved by LMT vocational training.
When we restrict the sample to include only those with zero wage earnings in 1996 and in 1997, we also exclude those at compulsory level in the AEI as the number of individuals becomes very small (generally below 30 observations). The fractions retained in the other groups vary from 26 % (AEI upper secondary) to 44 % (LMT preparatory). Results from OLS regressions are presented in Table 3 below.
The estimates in Table 3 generally repeat the findings that, compared with no program, both the upper secondary level of the AEI exceeding one semester of studies and LMT were measures that enhanced annual wage earnings. The coefficient values of the AEI are higher as compared with the corresponding coefficients in Table 2 , apart from those who left after only one semester. Also reproduced are the relatively negative coefficients of the AEI vis-à-vis LMT. This latter result was also found in Stenberg (2003) , with samples of both men and women who had zero wage earnings in the year prior to program. Throughout, finally, LMT preparatory training appears to have had positive effects on wage earnings but also, as expected, that these effects were inferior to those achieved by LMT vocational training. Now, since the OLS regression results may be flawed by selection bias, an alternative method is to use a version of the Heckman two-step method, which given certain assumptions also considers differences in unobservable characteristics between the program participants (see e.g. Greene, 2003) . However, this method is difficult to use, as to be properly identified it normally requires an instrumental variable (IV). If the model is only weakly identified, the standard errors become inflated and the coefficient values unreliable (see e.g. Puhani, 2000 and Vella, 1998) . A valid IV should be able to explain enrolment but have no explanatory power in the outcome regression. As is well known, a variable with such properties is hard to find.
We re-estimate the coefficients in Table 2 with the two-step method using participation in the AEI as our dependent variable in the first step probit regression. The model yields coefficient values that indicate serious identification problems (for completeness, the results are presented in Table A .4 in the Appendix). In an attempt to resolve the problems of identification, different candidate variables were used as in-struments. We also experimented with excluding LMT and compulsory AEI from the larger sample to possibly simplify the modelling of the first step. However, the problems of identification remained and/or the (combination of) IVs turned out to be invalid.
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A different approach to the problems connected with unobservable variables is sometimes labelled "backcasting". Introduced by Ashenfelter (1978) , the basic idea is to run the OLS regression on annual wage earnings before program, that is, estimate whether there are effects of a program before it occurs (see e.g. Heckman et al. 1999 and Jacobson et al. 2004) . If the econometric model is correctly specified, the parameters of program participation should be zero. In contrast, if they are significantly different from zero, this serves to indicate the presence of selection bias. Presumably, if no bias is indicated with the backcasting procedure and given that we have taken into account individuals' preprogram labour market performance, we should substantially have reduced the potential bias due to time-invariant unobserved heterogeneity affecting wage earnings. Of course, there may still be potential problems with selectivity bias when program participation is determined by comparative advantages depending on unobservable traits of the individuals.
In Table 4 , we present regression results using wage earnings in 1996 as dependent variable (upper part), and wage earnings in 1995 for the sample that was conditioned to have zero wage earnings in 1996 (lower part). The explanatory variables are the same as before except that wage earnings in 1993 is used as w i,t-. The samples correspond to those in Table 2 and Table 3 . *** significant at the 1 % level. ** significant at the 5 % level. * significant at the 10 % level.
It should be noted that there is no theoretical guideline as to which year before program is most appropriate to use for the backcasting procedure. We therefore estimated all possible combinations given the years with registered wage earnings at our disposal.
Let us start with the estimates where the group in continued open unemployment is the reference group. With the reduced sample (lower part), the implications from Table 3 of positive effects of the AEI at upper secondary level are not challenged (this also holds true if we use wage earnings in 1994 as dependent variable). In contrast, with the larger sample, there are quite strong indications of a positive bias for both men and women in the AEI at upper secondary level. For the AEI at compulsory level there are no indications of bias. As average wage earnings were much lower in 1996 compared with 2001, the indication of bias makes it awkward to compare the coefficient magnitudes obtained in Table 2 with those of the backcasting. Our interpretation is that the positive effects indicated in Table 2 are put in serious doubt for the female sample. For males, the bias indicated is probably not large enough to off-set the positive effects reported earlier. Using wage earnings in 1995 as dependent variable (not displayed), reduces the bias for females indicated in Table 4 by roughly 35 %, while for the male sample with one, three and four semesters, the estimates are insignificant.
Turning to the comparison between the AEI and vocational LMT, recall that there were by and large negative effects indicated in Tables 2 and  3 . The exceptions concerned upper secondary level in the larger sample, males with two semesters and females with three semesters of studies; but the backcasting in Table 4 indicates a positive selection into both these groups. This is seen in the third and the fourth columns. Regarding the AEI at upper secondary level, the backcasting results with the larger sample imply a positive selection bias and that the earlier negative estimates in Table 2 were underestimated. In contrast, with the reduced sample, a negative bias is indicated for males with one, three and four semesters in the AEI as well as for females with two semesters. This implies that the negative estimates in Table 3 were overestimated and that the true average effects should be smaller in magnitude. However, the bias indicated is too small to question the negative signs of the coefficients. Again, using the 1994 wage earnings as dependent variable, there is no indication of bias. For the AEI at compulsory level, there are no indications of selection bias.
To set the presented results in a broader context, let us make a rough estimate of a cost-benefit analysis by considering program costs and forgone earnings. We dispense with possible general equilibrium effects on prices and quantities and assume that the official costs for programs reflect the alternative costs for the society. The average cost of a participant in the AEI, weighted by the program length reported in Table A.1, was SEK 44,000. 10 A measure of forgone earnings is given by the difference in average earnings in 1998 between AEI participants and unemployed persons as reported in Figure 1 , about SEK 13,000 a year. Let us assume program effects of, say, SEK 15,000 for men and SEK 10,000 for women, relatively modest figures considering that a measure of productivity should include payroll taxes (about 40 %). 11 At a 3 % discount rate, the benefits of the program would surpass the costs in five to seven years.
A similar comparison between the AEI and LMT comes out in favour of LMT. The average program length in the sample was 322 days for AEI and 228 days for LMT. The educational costs of LMT, counted as an average per year, were SEK 85,000 (AMS). Considering shorter program lengths, the extra educational cost of LMT is about SEK 23,000. Shorter program periods mean lower forgone earnings which, in turn, reduce the costs for LMT to only about SEK 18,000 more than for the AEI. Judging from the estimated program effects when the full sample was used, the extra costs of LMT are matched by higher incomes within only a year or two following program completion.
Concluding discussion
This paper evaluates the effects of comprehensive adult education on annual wage earnings of the long-term unemployed. We use Swedish register data on a large sample of persons in long-term unemployment in 1997. In that year, the government launched the Adult Education Initiative ( When we use the openly unemployed as reference group, the main results imply that two to four semesters of studies in the AEI at upper secondary level had positive effects on annual wage earnings. For the sample of 'full -time' unemployed, we find that the estimated effect can not be explained by selectivity due to time-invariant unobserved heterogeneity. The backcasting procedure suggests, however, that the results for the sample including the part-time employed may have been generated by selection bias, in particular for the female sample.
Generally, our findings indicate no significant effects for those that enrolled in comprehensive education at compulsory level, nor at the upper secondary level when confined to only one semester of education. The latter is in accordance with earlier findings that short comprehensive adult education of the unemployed has very little impact on wage earnings (see Jacobson et al. 2004) .
When the reference group is participants in vocational LMT, our findings indicate overall that vocational training of the long-term unemployed brings about a larger increase in gross wage earnings than comprehensive education at the secondary level. In this particular case, this would suggest that the AEI was a better alternative than no program but that it should have been scaled back to the advantage of vocational LMT. It is, however, important to note that data on post-program wage earnings is confined to a period of three years; the long-run effects may differ from the estimated short-run or medium term effects presented here. Moreover, it should be kept in mind that the effects are here measured during an economic upturn. Earlier evaluations of LMT have tended to show pro-cyclical effects.
In relation to policy, the results do support the view that subsidized education at the upper secondary level works as a means of improving the labour market situation for the long-term unemployed. This applies to longer programs targeted towards individuals with no income from part-time employment. Rough calculations suggest that the increase in post-program earnings is sufficient to match the alternative costs for both programs and that vocational training seems still to yield a relatively higher surplus. However, these results have to be replicated in other economic environments and a comprehensive analysis of alternative costs should be carried out before strong policy recommendations can be issued. Compared with other participants in their respective programs, the long-term unemployed in the AEI tended to have shorter program durations whereas the opposite holds for LMT. Of the total population studying with the UBS, 52 % continued for three semesters and 38 % studied four semesters. The mean program duration time in LMT was 146 days.
Definition of variables:
AEI; Registered in adult education during the autumn semester of 1997, and receiving the special grant for education and training, UBS.
CHILD ( *** significant at the 1 % level. ** significant at the 5 % level. * significant at the 10 % level.
